The extrusion may improve coeliac bread quality by modifying the functional properties of 15 flour. This study investigates the influence of the substitution of 10% of rice flour by extruded 16 rice flours (three intensities of treatment and two particle sizes) on the characteristics of gluten-17 free bread (specific volume and texture) at constant consistency. The microstructure and 18 rheology of the doughs obtained and their behaviour during fermentation have also been 19 analysed. The extruded flours increase dough consistency, and the effect is more noticeable with 20 increasing intensities of treatment. The use of extruded flours requires the addition of a larger 21 volume of water to obtain a constant consistency. The addition of extruded flour decreases 22 dough development, producing a lower specific volume and greater bread hardness. This effect 23 is minimized by increasing the particle size. The staling of bread from 24 to 72 hours is less 24 noticeable with a larger particle size. 25
Introduction 34
Gluten-free breads are characterized by their deficient quality and high price compared with 35 traditional breads. This has led to increased interest in developing high quality gluten-free 36 products in recent years (Cureton & Fasano, 2009) , with the consequent increase in the volume 37 of research and the number of scientific publications on this subject. 38
Most research studies into the development of gluten-free products have focussed on the 39 substitution of wheat flours by mixtures of gluten-free cereals, starches, proteins and 40 hydrocolloids (Schober, 2009) , and on the enzymatic improvement of these formulations 41 (Rosell, 2009 ). However, less information is available on the use of physical treatments to 42 modify the functional properties of flours used in gluten-free products, and these methods have 43 been less widely employed. Hydrothermal treatments stand out as being among the most 44 effective physical treatments. 45
If starch, the major component of flour, is subjected to a high-temperature treatment with 46 enough moisture it can be gelatinized, increasing the swelling capacity of the granule, 47 decreasing crystallinity and sometimes causing break-up of the granules (Atwell et al., 1988) . 48
Hoover & Vasanthan (1994) also demonstrated that starch undergoing thermal treatment at 49 100ºC presents a high gelatinization temperature and high resistance to acid hydrolysis due to 50 realignment of the starch chains, although these changes varied depending on the kind of starch 51 used. 52
Pregelatinized rice flour has been widely used as the principal ingredient in many kinds of foods 53 (rice cakes, infant foods, instant rice pudding) due to its thickener properties. It is known that 54 uses of pregelatinized rice flour are determined by its physicochemical and functional properties, 55 which differ depending on the variety of rice and the processing method employed (Hsieh & 56 8 A rheofermentometer (Chopin, Tripette and Renaud, France) was used to analyse dough height, 145 gas production and gas liberation related to the fermentation time following the method 146 described by Czuchajowska & Pomeranz, (1993) . However, the authors adapted the method for 147 gluten-free dough. Only 200g of dough were placed into the rheofermentometer container, the 2 148 kg weight indicated by the method was removed, 3% yeast was added to the formula, and 149 fermentation in the rheofermentometer was performed at 30ºC. 
Bread making 154
The following ingredients (g/100g flour) were used in the bread making: Saf-Instant yeast 155 (3g/100g), salt (1.8g/100g), refined sunflower oil (6g/100g), HPMC (2g/100g) and white sugar 156 (5g/100g). The quantity of water in the doughs made with extruded flour was regulated in each 157
sample to obtain a G* value equal to the G* value of the control dough. 158
The water temperature in all the tests was between 20ºC and 22ºC. Rice flour was substituted by 159 extruded rice flour at a rate of 10g/100g. Control breads containing no extruded rice flour were 160 also prepared. After mixing all the ingredients for 8 minutes in a Kitchen Aid 5KPM50 mixer 161 (Kitchen Aid, Michigan, USA), 250 g of the bread dough were placed in model 151090 162 aluminium pans measuring 108 mm by 232 mm (ALU-Schale, Wiklarn, Germany). 163
Fermentation was performed at 30ºC and 75% RH for 90 minutes in an FC-K proofer (Salva, 164
Lezo, Spain). After fermentation, doughs were baked in an electric modular oven (Salva, Lezo, 165 Spain) for 40 minutes at 190ºC. The loaves were removed from the moulds after a 60-minute 166 cooling period and were weighted. The measurements on the breads were performed 24 hours9 after baking, except for the texture parameters which were measured at 1, 24 and 72 hours after 168 baking. The loaves were introduced into polyethylene plastic bags and stored at 20ºC until 169 analysis. All the elaborations were performed twice. 170 171
Bread characteristics 172
Bread volume was determined using a laser sensor with the BVM-L 370 volume analyser 173 (Perten Instruments, Hägersten, Sweden). The volume measurements were performed in 174 duplicate on two loaves from each elaboration. The specific volume was calculated as the ratio 175 of bread volume to its mass. The RVA parameters for non-extruded rice flour and for 10% substituted extruded flours are 216 shown in Table 2 . It can be seen that the more intense the extrusion treatment, the lower the 217 values of pasting viscosity (PV), breakdown (BR), trough (TR), setback (ST) and final viscosity 218 (FV). No significant differences were observed in relation to particle size. Dough viscosity 219 decreased throughout the heating-cooling cycle as the treatment intensity increased. However, 220 no significant differences were observed between the milder treatments (1 and 2). (1986) and by Mercier & Feillet (1975) . These values indicate the degree of retrogradation that 237 occurrs after heating. When the hot gels are cooled, the increase of viscosity depends on the 238 tendency of starch to reassociate. The extruded rice flours that had undergone the milder 239 treatments showed higher FV values than the same flours extruded with more intense treatments. 240
Although it seems that starch gelatinization is the main factor responsible for changes in the 241 There was a clear tendency to an increase in G', G'' and G*, and a decrease in tag δ when 251 extruded rice flours were added to the formula. The most marked effect was observed after the 252 addition of flours 2 and 3; flour 2 was associated with the highest G' and G* values and the 253 lowest tag δ values. Particle size, on the other hand, produced no clear differences. Thus, when 254 increasing the intensity of the extrusion process, doughs became more consistent and elastic, and 255 this effect was most noticeable with flour 2. G' values were higher than G'' values in all cases 256 and over the whole frequency range, which indicated behaviour to be more elastic than viscous. to Slade & Levine (1994) , this greater degree of gelatinization increases the water absorption 275 capacity of doughs. These rheological changes may also be related to the internal structure of the 276 dough, which may be seen in Figure 4 . In the two doughs studied (control dough and dough with 277 flour 3c), the structure is composed of large flour particles covered by small simple starch 278 granules, compacted by a matrix formed of water, hydrocolloids and dissolved substances. The amount of water needed in bread-making at constant consistency (G*=15500±1550) is 289 shown in Table 3 . The addition of extruded flours increased the quantity of water required to 290 obtain doughs with constant consistency, and thus they can increase the bread yield. This 291 increase was greater in doughs prepared with flours 2 and 3 (the more intense extrusion 292 treatments) than doughs prepared with flour 1. This finding may be explained by a higher degree 293 of damage caused to the starch granules and to the greater degree of gelatinization in the 294 extrusion process with more intense processing conditions (temperature and moisture) (Mercier 295 and Feillet, 1975) . However no clear difference was observed between the doughs made with 296 flours 2 and 3 or with flours with different particle sizes. 297
Dough height and gas production. 298
The curves of dough height during fermentation at constant consistency are shown in Figure 5 . 299
Regarding gas production, no significant differences were seen in any case (data not shown). 300
Greater height was observed in doughs made with non-extruded flours than in doughs with 301 extruded flours, but the differences only became evident after a certain duration of fermentation 302 (around minute 90). The poor dough height over the whole fermentation process when using 303 15 flour 1f, was noticeable. The differences between the other extruded flours were minimal but 304 doughs made with flour 3 were somewhat more stable if over-fermentation occurred. Greatest 305 height was obtained in doughs made with flours 1c and 2c, although over-fermentation had a 306 negative effect in both cases. Doughs with flour 3 showed a higher stability than the other 307 doughs, and higher G' and G* values and lower tan δ values; they are thus more consistent and 308 elastic doughs. This could be related to starch gelatinization and damage during the extrusion 309 treatment (Shim & Mulvaney, 1999) , as these changes increase the water absorption capacity of 310 dough, as indicated previously (Slade & Levine, 1994) . 311
Changes in the dough height during fermentation can be also related to the internal structure of 312 the dough (Figure 4) . The dough prepared with flour 3c, which was the dough with the highest 313 stability in the case of excess fermentation, had the lowest quantity of simple starch granules. 
Texture analysis 357
The texture parameters of bread at constant consistency are presented in Table 3 . 358 A tendency to increased hardness was observed as the extrusion intensity of the flours increased. 359
Higher hardness values were also found when using fine flours compared to coarse ones, 360 although significant differences were only detected with loaves elaborated using flours 2. 
Conclusion 387
The use of extruded flours in the elaboration of gluten-free bread offers an interesting alternative 388 approach to improve gluten-free breads. We found that the addition of extruded flours subjected 389 to high intensity extrusion treatments produced doughs with a higher elastic modulus and 390 consistency, and that it was necessary to add larger volumes of water to achieve constant 391 consistency. The bakery yield is therefore increased. However, the development of doughs 392 prepared with extruded flours was lower, but these doughs showed higher stability to over-393 fermentation. In general, the addition of extruded flours reduced the specific volume of breads 394 and increased hardness, but these effects were minimized by using the coarse flour fractions, 395 19 which also reduced the rate of staling. Future studies should look in detail at the effect of these 396 extruded flours on the acceptability of breads and their influence in breads with higher levels of 397 hydration. 398 399 
